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(57) Abstract 

The application relates to a method of 
and an apparatus for writing information onto a 
multi-layer optical information carrier (1). In an 
optical recording system, information can be writ- 
ten onto a selected layer (41) of a multi-layer car- 
rier (1) by focusing the laser beam (2) onto the 
selected layer. Intermediate layers (42) interact 
with the laser beam (2). An important property 
in writing information onto a multi-layer carrier 
(I) is the transmission coefficient of these inter- 
mediate layers (42). The transmission coefficient 
depends on the physical properties of the interme- 
diate layer (42) and on whether or not information 
has been recorded. The apparatus includes a cir- 
cuit (55) which derives information (711) about 
the changes of the transmission coefficients of the 
layers (41 through 43) when information is written 
onto these layers. On the basis of this information 
(711) a circuit determines the sequence in which 
the layers (41 through 43) are to be recorded. The 
sequence can be selected so as to minimize the in- 
tensity of the laser beam (2), thereby precluding 
unnecessary heating of the carrier (1) and allow- 
ing comparatively simple and cheap laser beam 
sources (3) to be used. 
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Method of recording a multi-layer optically recordable information carrier. 



The invention relates to a method of recording information onto an optically 
recordable information carrier having at least two superposed optically recordable layers, 
comprising a first step in which information is recorded on a first one of the optically 
recordable layers by means of laser light to which the information carrier is exposed from a 
5 first side, followed by a second step in which information is recorded on a second one of the 
optically recordable layers, which second layer differs from the first layer, by means of laser 
light to which the information carrier is also exposed from the first side. 

The invention further relates to a recording apparatus for the recording of 
information on an optically recordable information carrier having at least two superposed 

10 optically recordable layers, comprising a device adapted to record information on a first one of 
the optically recordable layers by means of laser light to which the information carrier is 
exposed from a first side, and to record information on a second one of the optically 
recordable layers, which second layer differs from the first layer, by means of laser light to 
which the information carrier is also exposed from the first side. 

15 Optically recordable information carriers are generally known and are used in 

recording apparatuses which record data on the information carrier by means of a laser beam. 
The laser beam is focused onto a recording layer in the information carrier. In the case of an 
adequate laser beam intensity the optical properties of the recording layer at the location of the 
focal spot will change, as a result of which a mark is produced in the recording layer. By 

20 varying the laser beam intensity a pattern of marks can be formed in the recording layer. The 
recorded pattern contains the data to be recorded in coded form. An example of such an 
optically recordable information carrier is the CD-R (Compact Disc Recordable). 

In order to extend the storage capacity of optically recordable information 
carriers information carriers have been introduced which comprise a plurality of superposed 

25 recording layers. Examples of such multi-layer optically recordable information carriers are 
described in U.S. 5,761,188 and U.S. 5,202,875. Each recording layer in a multi-layer 
optically recordable information carrier can be inscribed separately by focusing the laser beam 
onto the relevant recording layer. The recording apparatuses use a high numerical aperture 
(NA). Owing to this high numerical aperture the diameter of the laser beam at the location of 
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the recording layers situated between the source of the laser beam (laser light source) and the 
recording layer to be inscribed (hereinafter referred to as the intermediate layers) is 
comparatively large. As a result of this, the intensity of the laser beam at the location of the 
intermediate layers will be inadequate intensity to produce marks on these layers, whereas 
5 producing marks on the layer to be inscribed is possible. Also at the location of each of the 
recording layers having a distance between the respective layer and the laser light source 
which is larger than the distance between the recording layer to be inscribed and the laser light 
source the intensity of the laser beam is inadequate to produce marks in these layers owing to 
the comparatively large diameter of the beam. 

10 Although the intermediate layers cannot be inscribed, they have on influence on 

the laser beam. A part of the laser beam will be reflected, diffused and absorbed by the 
intermediate layers. The remainder of the laser beam, quantified, by the transmission 
coefficient, will be transmitted by the intermediate layers. The magnitude of the transmitted 
part depends on the optical properties of the intermediate layers. However, the optical 

15 properties of the intermediate layers change when these layers are inscribed. The intensity of 
the laser beam should be so high that in all cases each recording layer in the multi-layer 
optically recordable information carrier can be inscribed. 

It is an object of the invention to provide a method of writing information onto 

-sr. 

an optically recordable information carrier, which allows the sequence in which the recording 

20 layers are inscribed to be selected in an optimum manner. 

A method in accordance with the invention is characterized in that the method 
comprises a first preparatory step in which the changes of the effective transmission properties 
of the optically recordable layers before the recording of information on the layers with 
respect to the effective transmission properties of the optically recordable layers after the 

25 recording of information on the layers is determined, followed by a second preparatory step in 
which the sequence of recording of the first and the second optically recordable layer is 
determined.. If the changes of the effective transmission properties of the optically recordable 
layers are known a priori they can be communicated to the method, for example by a user or a 
recording apparatus. The sequence in which the optically recordable layers are inscribed can 

30 be determined in an optimum manner, for example so as to minimize the laser beam intensity 
required for inscribing these layers. This results inter alia in the heat generation during 
recording onto the optically recordable information carrier not being unduly large and in the 
possibility of using a comparatively simple and cheap laser light source. 
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A variant of the method in accordance with the invention is characterized in that 
the first preparatory step comprises the reading of information about the changes of the 
effective transmission properties of the optically recordable layers from an area on the 
optically recordable information carrier, which area contains information about the physical 
properties of the optically recordable information carrier. If the optically recordable 
information carrier has an area which contains information about the physical properties of the 
optically recordable information carrier, such as for example a lead-in area, the method can 
automatically read this information and derive from this information the changes of the 
effective transmission properties of the optically recordable layers. The area containing 
information about the physical properties of the optically recordable information carrier may 
be provided during the manufacture of the optically recordable information carrier. 

A special variant of the method in accordance with the invention is 
characterized in that the first preparatory step comprises a first measurement step in which the 
effective transmission properties of the optically recordable layers before the recording of 
information on the layers is measured, followed by a second measurement step in which the 
effective transmission properties of the optically recordable layers after the recording of 
information on the layers is measured, followed by a comparison step in which the measured 
effective transmission properties of the optically recordable layers before the recording of 
information on the layers is compared with measured effective transmission properties of the 
optically recordable layers after the recording of information on the layers. If no information is 
available about the change of the effective transmission properties of the optically recordable 
layers during recording onto these layers, this change can be measured in a plurality of 
measurement steps. For the write operations necessary to carry out these measurement steps it 
is possible to reserve for example a portion of the optically recordable information carrier. 

A variant of the method in accordance with the invention is characterized in that 
the first and the second optically recordable layer are inscribed successively, starting with the 
optically recordable layer situated farther from the laser light source and ending with the 
optically recordable layer situated nearer the laser light source if the effective transmission 
properties of the optically recordable layers after the recording of information on the layers 
have decreased with respect to the effective transmission properties of the optically recordable 
layers before the recording of information on the layers. An advantage of writing onto the 
optically recordable layers in the sequence as defined for the present variant of the method is 
that the maximum laser beam intensity that is required corresponds to the intensity required 
for inscribing the optically recordable layer which is farthest from the laser light source while 
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the intermediate layers have not been inscribed and are consequently comparatively 
transparent. During the recording onto the optically recordable layers the laser beam intensity 
necessary for inscribing these layers will decrease according as successive layers are written. 

Another variant of the method in accordance with the invention is characterized 
5 in that the first and the second optically recordable layer are inscribed successively, starting 
with the optically recordable layer situated nearer the laser light source and ending with the 
optically recordable layer situated farther from the laser light source if the effective 
transmission properties of the optically recordable layers after the recording of information on 
the layers have increased with respect to the effective transmission properties of the optically 

10 recordable layers before the recording of information on the layers. An advantage of inscribing 
the optically recordable layers in the sequence as defined for the present variant of the method 
is that the laser beam intensity necessary for inscribing the successive layers will increase to a 
minimal extent as the successive layers are written. 

The recording apparatus in accordance with the invention is characterized in 

15 that the recording apparatus is adapted to determine the changes of the effective transmission 
properties of the optically recordable layers before the recording of information on the layers 
with respect to the effective transmission properties of the optically recordable layers after the 
recording of information on the layers, and the recording apparatus is adapted to determine the 
sequence of recording of the first and the second optically recordable layer. 

20 

These and other aspects of the invention will now be described in more detail 
with reference to the drawings. In the drawings 

Figure 1 is a diagrammatic cross-sectional view of a multi-layer optically 
recordable information carrier of which one layer is being inscribed by a focused laser beam 
25 received from a laser light source, 

Figure 2 is a partial plan view of an inscribed intermediate layer exposed to a 

laser beam, 

Figure 3 shows flow charts of the method in accordance with the invention, and 
Figure 4 shows a block diagram of the device in accordance with the invention 
30 in the recording apparatus for recording information onto a multi-layer optically recordable 
information carrier. 

Figure 1 shows a cross-sectional view of a part of multi-layer optically 
recordable information carrier 1. A plurality of optically recordable layers 41 through 43 are 
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shown. A laser beam 2 from a laser light source 3 is focused onto the optically recordable 
layer 41 to be inscribed. An example of a laser light source 3 is a solid-state laser which emits 
light having a wavelength in the visible part of the spectrum or light having a wavelength in 
the non-visible part of the spectrum, such as for example infrared (IR) light and ultraviolet 
5 (UV) light. At the location of the focal spot 5 the intensity of the laser beam is such that a 

mark can be formed in the optically recordable layer 41 to be inscribed. At the location where 
the laser beam 2 traverses the intermediate layers 42 the diameter of the laser beam is 
comparatively large, as a result of which the intensity of the laser beam is inadequate to 
produce a mark in these intermediate layers. 

10 Figure 2 is a partial plan view of an intermediate layer 42 in a multi-layer 

optically recordable information carrier 1 taken on the line II-II in Figure 1. This intermediate 
layer 42 has already been inscribed, as a result of which marks 6 are situated on the layer. The 
intermediate layer 42 is illuminated by the laser beam 2. The portion 21 of the intermediate 
layer 42 exposed to the laser beam 2 includes both an area with marks 6 and an area without 

15 these marks. The transmission coefficient of the intermediate layer 42 at the location of the 
marks 6 will generally differ from the transmission coefficient of the intermediate layer in an 
area without these marks. As a result of this, the intermediate layer 42 cannot be characterized 
by a fixed transmission coefficient. However, the intermediate layer 42 can be characterized 
by an effective transmission coefficient which is a combination of the transmission coefficient 

20 of the intermediate layer at the location of the marks 6 and the transmission coefficient of the 
intermediate layer in the area without these marks. The value of this effective transmission 
coefficient depends inter alia on the density of the spatial distribution of the marks 6. If the 
intermediate layer 42 has not yet been inscribed and, consequently, there are not yet any marks 
6 on the layer, the effective transmission coefficient will correspond to the transmission 

25 coefficient of the intermediate layer in an area without marks. 

The marks 6 in the optically recordable layers 41 through 43 may reflect the 
laser beam 2 to a greater extent or to a smaller extent than an area without any marks. If the 
laser beam 2 is reflected to a greater extent by the marks 6 this is referred to inter alia as white 
writing layers, in which the effective transmission properties generally decrease after the 

30 layers have been inscribed. If the laser beam 2 is reflected to a smaller extent by the marks 6 
this is referred to as black writing layers, in which the effective transmission properties 
generally increase after the layers have been inscribed. 

Figure 3A is a flow chart of an example of a variant of the method in 
accordance with the invention. The variant comprises three steps 31 through 33. Step 33, in 
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which information is written onto the optically recordable layers 41 through 43, is preceded by 
a first preparatory step 31 and a second preparatory step 32. In the first preparatory step 31 the 
changes of the effective transmission properties of the optically recordable layers 41 through 
43 before the recording of information on layers with respect to the effective transmission 

5 properties of the optically recordable layers after the recording of information on the layers 
(AEff.Trans.) are determined. Said determining can be effected inter alia in that information 
about the changes of the effective transmission properties is entered by a user or by the 
recording apparatus, is read from the multi-layer optically recordable information carrier 1 
itself, or is determined by a measurement. Subsequently, in a second preparatory step, the 

10 information about the changes of the effective transmission properties is used for determining 
the sequence in which the optically recordable layers 41 through 43 are to be inscribed in the 
step 33. 

By way of example the second preparatory step 32 is represented 
diagrammatically in greater detail in Figure 3B. In a sub-step 320 a subsequent sub-step 321 or 

15 a sub-step 322 is chosen depending on the change of the effective transmission properties. If 
the effective transmission properties of the optically recordable layers 41 through 42 after 
information has been written onto the layers have decreased (6)with respect to the effective 
transmission properties of the optically recordable layers before information is written onto the 
layers, the sequence in which the optically recordable layers 41 through 43 are to be inscribed 

20 will be determined in the sub-step 321 in such a manner that the layers will be inscribed 

consecutively starting with the optically recordable layer farthest from the laser light source 3 
and ending with the optically recordable layer nearest the laser light source. Conversely, if the 
effective transmission properties of the optically recordable layers 41 through 42 after 
information has been written onto the layers have increased (5)with respect to the effective 

25 transmission properties of the optically recordable layers before information is written onto the 
layers, the sequence in which the optically recordable layers 41 through 43 are to be inscribed 
will be determined in the sub-step 322 in such a manner that the layers will be inscribed 
consecutively starting with the optically recordable layer nearest the laser light source 3 and 
ending with the optically recordable layer farthest from the laser light source. It will be 

30 obvious to the expert that there are other alternatives for the step 32. The alternative for the 
step 32 then depends on the desired result. 

Figure 4 shows a block diagram of a device 50 for recording information on a 
multi-layer optically recordable information carrier 1 . A laser beam 2 from a laser light source 
3 is focused onto one of the optically recordable layers 41 through 43. For positioning the 
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focal spot of the laser beam 2 on the optically recordable layer 41 to be inscribed a unit which 
comprises a positioning logic 52 applies a control signal 60 to the laser light source 3. When 
information is recorded onto the optically recordable information carrier 1 an information 
stream 612 is applied from an information processing unit 51 to the laser light source 3. When 
5 information is read from the optically recordable information carrier 1 an information stream 
611 is applied from an optical system 31 to the information processing unit 51. The device 
includes an analysis logic 55 for detecting the changes of the effective transmission properties 
of the optically recordable layers 41 through 43 before the recording of information on the 
layers with respect to the effective transmission properties of the optically recordable layers 

10 after the recording of information on the layers. Information about these changes 71 1 is 

applied to a decision unit 56. In this decision unit 56 the sequence of recording of optically 
recordable layers 41 through 43 is determined. Information about the sequence 712 thus 
determined is applied to the unit comprising the decision logic 52. The analysis logic 55 can 
receive external information 70 received from a user or from another device in the recording 

15 apparatus, or information 621 which is received from the optically recordable information 

carrier 1 via the information processing unit 51. While measurements are being carried out the 
analysis logic 55 can apply measurement signals 622 to the optically recordable information 
carrier 1 via the information processing unit 51. 
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CLAIMS: 



1. A method of recording information onto an optically recordable information 
carrier having at least two superposed optically recordable layers, comprising 

a first step in which information is recorded on a first one of the optically 
recordable layers by means of laser light to which the information carrier is exposed from a 
5 first side, followed by 

a second step in which information is recorded on a second one of the optically 
recordable layers, which second layer differs from the first layer, by means of laser light to 
which the information carrier is also exposed from the first side, characterized in that the 
method comprises 

10 a first preparatory step in which the changes of the effective transmission 

properties of the optically recordable layers before the recording of information on the layers 
with respect to the effective transmission properties of the optically recordable layers after the 
recording of information on the layers is determined, followed by 

a second preparatory step in which the sequence of recording of the first and the 

15 second optically recordable layer is determined. 

2. A method as claimed in Claim 1, characterized in that the first preparatory step 
comprises the reading of information about the changes of the effective transmission 
properties of the optically recordable layers from an area on the optically recordable 

20 information carrier, which area contains information about the physical properties of the 
optically recordable information carrier. 

3. A method as claimed in Claim 1, characterized in that the first preparatory step 
comprises 

25 a first measurement step in which the effective transmission properties of the 

optically recordable layers before the recording of information on the layers is measured, 
followed by 
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a second measurement step in which the effective transmission properties of the 
optically recordable layers after the recording of information on the layers is measured, 
followed by 

a comparison step in which the measured effective transmission properties of 
5 the optically recordable layers before the recording of information on the layers is compared 
with measured effective transmission properties of the optically recordable layers after the 
recording of information on the layers. 

4. A method as claimed in Claim 1, 2 or 3, characterized in that the first and the 
10 second optically recordable layer are inscribed successively, starting with the optically 

recordable layer situated farther from the laser light source and ending with the optically 
recordable layer situated nearer the laser light source if the effective transmission properties of 
the optically recordable layers after the recording of information on the layers have decreased 
with respect to the effective transmission properties of the optically recordable layers before 
15 the recording of information on the layers. 

5. A method as claimed in Claim 1 , 2 or 3, characterized in that the first and the 
second optically recordable layer are inscribed successively, starting with the optically 
recordable layer situated nearer the laser light source and ending with the optically recordable 

20 layer situated farther from the laser light source if the effective transmission properties of the 
optically recordable layers after the recording of information on the layers have increased with 
respect to the effective transmission properties of the optically recordable layers before the 
recording of information on the layers.. 

25 6. A recording apparatus for the recording of information on an optically 

recordable information carrier having at least two superposed optically recordable layers, 
comprising a device adapted to record information on a first one of the optically recordable 
layers by means of laser light to which the information carrier is exposed from a first side, and 
to record information on a second one of the optically recordable layers, which second layer 

30 differs from the first layer, by means of laser light to which the information carrier is also 
exposed from the first side, characterized in that 

the recording apparatus is adapted to determine the changes of the effective 
transmission properties of the optically recordable layers before the recording of information 
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on the layers with respect to the effective transmission properties of the optically recordable 
layers after the recording of information on the layers, and 

the recording apparatus is adapted to determine the sequence of recording of the 
first and the second optically recordable layer. 



3 
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